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§9. Probability Distribution Function for 
Strong Plasma Turbulence 
Itoh, S.-I. (RIAM, Kyushu Univ.), Itoh, K. 
The reduced set of equations has been 
formulated as a Langevin equation by use of 
renormalizing the coherent interaction temlS as 
(I) 
where f denotes the set of variables 
IT =( <\>, J, p) . The nonlinear interaction term 
is divided into two terms: £. is the renormalized 
operator, and incoherent part is considered as a 
random noise source term. 
The Langevin equations for each k -
component, Eq.( I), is reduced to the one for a 
macro variable. The total fluctuating energy, 
which is the quantity integrated over some 
finite-size volume, 'E == (112) f=. k~<p; is 
introduced. The Fokker-Planck equation for the 
probability distribution function of the coarse-
grained quantity, p( 'E) , is described as 
(2) 
In the Langevin equation for the average energy 
'I, the damping rate is given as 
A == T If=. 2Au k~<\>; (Au being the nonlinear 
decorrelation rate of the k-mode) and magnitude 
of the statistical source term is written as 
(3) 
It is also useful to introduce an average of the 
classical decOlTelation rate Ym == TIL, Y,'c 'Ek k 
(YI'C = ~,,(k:) . When the fluctuation level 
changes, this coefficient might deviate form the 
value in the limit of thermodynamical 
equilibrium. 
The equilibrium probability 
distribution, being the solution of Eq.(2), is 
governed by the effective potential S( 'E) 
S( 'E) = I'E 4A2'E d'E g , (4) 
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The equilibrium probab ility distribution 
function is given as 
Peq( 'E) =? t exp {- S( 'E)} (5) 
Therefore, the minimum of the effective 
potential S( zJ predicts the probable state of 
plasma turbulence. 
The function A( 'E) is Taylor expanded 
in the vicinity of 'Ie as 
(V = .f'E , V' I = ~ ). Probability distribution 
function could nave a double peaks as is 
illustrated in Fig.l (a) and (b). 
Power law distribution is obtained for 
the tail as 
where index is given as 
S ( ) 
1'('£ ) 
fluctuatio n energy ·J..:. 
Fig.l Case of subcritical turbulence. 
Effective potential (a) and probability 
distribution function (b). 
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